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BBOST AND THE GBOWWG SEA801P.’ 

By WILLIAM GAEDNEE REED. 

(Radew Ly C. F. R m k s . )  

The appearance of a folio of colored ma marks the 

killing frost in the United States htiated by Mr. 0. E. 
Baker about six years . In 1913, 1914, and the first 

Central OfEce, and the OfEce of Farm Management were 
engaged in collecting and editing critically all the frost 
data available. The records for the pmod 1895-1914 
were selected for the sake of homogeneity. In the latter 
half of 1915 these data from about 4,000 stations were 
mapped and the long records from about 600 stations 
were subjected to mathematical analysis. The results 
of thisstudy are resented in detail by Mr. Reed in the 

proceedT Congress vol. 2, pp. 593-631, tables, 13 @.). In this 
paper he describes not only the distribution of frost dates 
1 ~ .  the United States, but also presents tablea of selected 
records and the details of the mathematical procedure 
used to obtain dates when the risk from s ring or fall 

principally on the mathematics of the frost risk in farm- 
mg, were published in 1916 by Mr. Reed inde endently, 
or jointly with Mr. H. R. Tolle (mathematician7 and Prof. 
W. J. Spillman (then chief, d c e  of Farm Management) ? 
Some of the frost maps have been published and briefly 
discussed in the National Weather and Crop Bulletin 
during the past three years. 
In spite of these previous discussions, the publication 

under review is in no sense a repeater. The frost data 
of the United States are resented in detail by pleasing 
colored maps on a relief ase; and selected records are 
strikingly portrayed in graphical form. The simple and 
well-written discussion oes into the geographical and 

h a 1  outcome of an extensive investigation o 5” the datea of 

half of 1915, the Weat Y O  er Bureau section centers and 

of & e Second Pan American Scientific 

frost would be at  a specified value. Several s 5 ort papers, 

cultural aspecte of B rost and the growmg season in ?I? t e United States. 

frost” or its approximate equivalent, a tem erature o 
32’ F. or lower. Thus we are concerned wit E the dates 
when widespread dam e is done to vegetation by the 

P y ta t ion ,  
cold and not with the 7 ormation of frost de osits. The 
last killing frost in s limits the start o v 
and the first killing P rost m autumn puts an en to most 
vegetative activit unless planta have h e a d y  prepared 
for the winter. .ft is of considerable intarest to the 
farmer to know when these critical frosts are most likely 
to occur, and to h o w  just when a particular killing frost r will come. F’rom the weather ma and from local s 
such forecasts are made. To &ustrate killing rost 
weather t es, 10 weather maps are reproduced. Warn- 
ings of s!?& frost are, however, of little use unless the 
farmer is prepared to meet them, either by actually ro- 

previous s u c c x y e a r s  sufficient to cover his loases. 
Latitude and alhtude are of primary importance in 

the months of occurrence of lulliug frFt. 
Relative titude in rough country is for some localities 
more important than actual elevation above sea level. 
This frostiness of valley bottoms made it v ditlicult to 
draw the frost date lines in most of the higeqand region; 
of the United States. 

The study deals only with the occurrence of 

tecting his end ed crops, 07 by having a surplus P rom 

1 Atlas of American A iculture, Advance sheets, 2 pt. 11, BBC. 1, lssued 1918. 48 by 
Nm~.-!&e rat of the cllmahc section hsr been rmdv for mblleatlon for nome time 

34 cm. 12 p., 12 colora%tlaps 10 weather maps, IdgraPIIs. selected blhiogrsph 

md q masonab1 be ercpected to apgear in l919.-E6mx.- 
a Qlogr. Rev., POI 1, pp. U; Y. W.B. M boBbl2.197400. 

“The most noteworthy fact regard% these critical 
frost dates is their extreme irregularity.‘ Xevertheless, 
by arithmetical aver it is easy to et dates before 
and after which c r o p 3  be subject to%llmg frosts in 
about half the years. The ma s of the average d a t a  of 

eastern United States, bending northward near large 
bodies of water and over large valleys, and southward 
over the highlands. In the western United States, 
topography is the most important control other than that 
exerted west of the Sierra Nevada-Cascadea by the 
Pacific Ocean. The map of the average “growing season” 
has much the stme characteristics. In fact, all three 
differ only in details. 
As corner inserts of these three double-page maps are 

small maps showing the areas covered b cnch eneral 
‘ I  wave” of last killing frost in spring and &t in ill .  A 
given frost may occur over a large area on one date, and 
another some tune later over another region not coexten- 
sive with the first. Nine such overlappings are marked 
on the spring ma and 8 on the autumn. 

or more from the average are common (i. e.,.over 5 times 
in 20), where frosts may not occur every spnng or fall, as 
along the Gulf coast, and where the effect of topography 
varies with the type of weather as in the mountainous 
region of the West. The maps of security from killing 
frost show the dates on which the chance of killing frost 
in spring (autumn) falls (rises) to 10 per cent. These 
maps are practically the same as the average date ma s, 

in fall. “The areas in w&ch the c f ance of spring 
[(autumn)] frost is eater than 10 per cent on June 1 

of $e United States, elevated areas in the Appalachian 
Mountains, and the greater part of the higher altituds 
of the West.” 

The m a p  of the growing season are the most important 
from the agricultural point of view. The large double- 
page map of the average length of the “growing season’’ 
shows detailed linea for every 10 days in the eastern 
United States and for every 30 days from the Rockies 
westward. “Throu hout most of Florida, along the 

Arizona and California, the average season without 
killing frost is more than 260 clays. Alon the northern 
mar in of the cotton belt it is about 200 c f  ays, alo 3 the 

in of the corn belt from 140 to 150 ays, 
in northern3aine and northern Minnesota, where hay, 
potatoes, oats and barle me the principal cro it is 
about 100 days, and in tze her regions of the%est it 
is less than 90 days.” If a 9 armer were to raise crop 

the average length of the growin season to 

of the years. 
The map showing the available growing season in 

four-f5fths of the years shows a penod 15 to 50 da 
shorter than the average ‘‘growing season.” “In t F e 
region having 90 days or less without frost in four years 
out of five, general farming is limited largely to sm+ 
grains, rasses, and potatoes; and, in eneral, the area 18 

last killin frost in spring an B first killing frost in fall 
show the f rost lines running mostly east and west in the 

Variations in t I? e dates of spring or fall frost by 10 days 

but the dates are 10 to 30 da s later in s ring and ear P ier 

[(Se t. 113 include t f e region along the northern boundary 

coast of the Gulf o B Mexico, and in favored localities in 

nor t% ern m 

r e q ~ T  mature e would not get a harvest in more t B an a third 

much t % e same as that in which t % e aver e penod 
al%ough,,of is less than 90 da 

extent. TheESmt  r“.“g 
bordering the G of 8x1~0,  

in southern Arizona, and portions of California. The 
safe growing season in the eastern United States variea 
f o m  about 240 days dong the Gull of Mexico to 100 
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days or less in Minnesota and the Dakotas, and 90 da 
or leas in parts of the A palachian Mountains and t F e 
higher altitudes in New d r k  and New England. In the 
more elevated regions of the West the safe season is less 
than 90 days. This map represents, in general, the 
number of days expected to be available for the growth 
of crops in a sllfficiently large proportion of the years to 
enable the organization of farm enterpisea on that basis 
with a reasonable chance of success. In the selectioii 
of suitable planting dates, the chance of spring frost 
dum e, the advantages of maturit for early marketH, 

be considered. Greater ris can be taken with some 
crops than with others. 

B ”a and T t e length of the grow perio of the crop must all 

E O W L Y  DUEATION OF PBECIPITATION AT PHILADELPHIA. 

By GEORQE W. MINDLINQ. 
[Dated: Weathor Bureau Om-, Philadelphia, Pa., Dec. 19, 1918.1 

What information can we ive to business meu as to 

the day at various seasons of the year on account of 
stormy weather1 What facts of diurnal distribution of 
rain. weather can be brought out that may 
ful in the reparation of either State or loca forecasts 8 

such that we may depend on certain parts of the day to 
be more likely to give rain than others, or, more particu- 
larl , a greater duration of rainfall than others? If the periodicity is sllfficiently marked, a knowledge 
of its character o ht  to enable one to sa with some 

especially under conditions of somewhat unsettled 
weather when the rospects of precipitation are doubtful. 

when a storm of moderate severity nisy be expected to 
abate. 

The total duration of precipitation in Philadelphia has 
been found to average 928 hours per p a r ,  which is 
equivalent to more than five weeks of continuous precipi- 
tation. The duration of precipitation is nearly as great 
or greater iu most of our highly developed industrial 
centers, especiall those surrounrljllp the Great Lakes 

reasonably be inferred from the average. annual number 
of days with 0.01 inch or more of precipitation. Such 
averages for the tep years b mnhg mth 1907 axe 

Buffalo, 163; Chic , 123; Cincinnati, 127; Detroit, 136; 
New York, 121;. %tsb h, 149. Obviously, then, if 

hazard, it must be deservq of careful study, especia y 
in regions where some form of precipitation IS occuring 
more than one-tenth of the time, as is true in Philn- 
del hia. 8i could not, be out of place in connection with a study 
of this kind, to make some references to.stu.dies of the 
average amount and frequency of preGip1tatlon for the 
different hours of night and day. 

1. The pronounced diurnal period in .the relative 
amounta and fre uency of rainfall in tropical countries 

k%% on “The Climate and Weather of Baltimore.” 
(,See Maryland Weather Service, Vol. 11, pp. 165-170.) 

In his studies of the aver e hourly amounts of precipi- 
tation for a ten-year peris, he found the winter and 
spring months characterized by a rather d o r m  distri- 

the amount of time likely to f e lost at different times of 

Is there a & ‘urnal periodicity in the OccuiTence of rainfall 

assurance at what 5 OUIB it will be most b i ely to rain, 

Also such knowle B ge should aid in enabling one to say 

r 

and m the nort I eastern part of the country, as may 

follows: Philadelpha, 122; A1 % any, 127; Boston, 114; 

the diurnal distnbution T os precipitation is not too ha s 

ested to Dr. % assig a study of these matters in his 

bution of precipitation thro hout night and dag, while 

increasing rapidly about the middle of the day and more 
slowly in the afternoon with a maximum about 5 p. m. 
The uniformity observed in winter and spring he at- 
tributed to the general dependence of precipitation in 
those seasons on the “more or less r ular successioii of 

eastward progress is but slightly, if at all, afrected by the 
diurnal variations of temperature and pressure.” The 
influence of thunderstorms was distinctly seen in the 
la e average amounts of rainfall for summer afternoons. 
%is investigation of the hourly fre uency of precipita- 

days in each month for 10 years on which reci itation 
occurred in the various 24-hour eriods. T!w, getween 

occurred on 61 days during the 10 years. his was the 
hour of the eatest frequency. The hour of least fre- 

number of da-p with precipitation being o y 9. For the 
year as a whole, the average fre uency was least about 

March, the greatest uniformity. 
2. Similar studies of Chic o records were made by 

Cox and Armington. (See%eather and Climate of 
Chicago, pp. 203-208.) Owing to the severity of the 
Chicago winter climate, which makes continual use of the 
tippy-bucket rain g e impossible, it wp9.  neessary to 
limit t e study of h o s  amounta of pTecipitahon to the 
period of A ril to dctober, inclusive. The results 

at Baltimore, yet there was, “in general, a relation to be 
seen between the times of greatest hourly rainfall and the 
times of occurrence of thunderstorms.” 

Much greater regularity ’(vas found in the me? hourly 
frequency of precipitation, but the rather hstmct early 
morning minimum and afternoon maximum observed at 
Baltimore were hardly discernible at Chicqo. In other 
respecta there was similarity in the conditions observed 
at the two laces. 

3. Recor B s made at a number of places in the interior 
of Europe show greatest frequency of precipitation in the 
morning hours in winter, in afternooi1,hours in sumnier. 
The diurnal variation in amount is dlscussed b Hann 

somewhat as follows: 
pitation ia a rather complicated phe- 

nomenon. In the course day them pccur in m+ places two 
maxima and minima, frequently three. Not mfmquently It ~ IJ  scarcely 
@ble to recognize any sort of regular trend in the hourly a v q .  
Stud& of available rep* do not warrant making a concise statement 
of the general c of rsinfall; 
one can only p-- the mom w c t  !ypee. * * In the 
continental type of the temperate zone, there IE a principal mBxzmum 
in the afternoon and a 1- d u m  in the early morning h o w ,  
while the pmminent minimum occm between midqht  and 4 a. m:, 
and a secondary minimum between 8 a. m. and noon. In the ocewc 
gpe, the times of principal maxima and minima are the meme of 

088 in the continental type. 

4. Kincer has shown that during the season of April to 
September, inclusipe, there is a marked predormnance of 
daytime preci itation over nighttime precipitation in the 

Tex, and an. e uall pronounced excesi of nighttime 

this &mEmfor 1916, pp. 628-633.) Whether considored 
with respect to the amount, frequency, or.total duration 
of the precipitation, the dominance of daytlme rains in the 

summer rains were generaly P light in the forenoon, 

the cyclonic disturbances of the midd 7 e latitudes whose 

tion wk based on compilations of t 1 e total number of 

4 p. m. and 5 p. m. in the mont 1 of March recipitaiion 

quency was r rom 4 a. m. to 5 a. m. in Au st, the total 

2 a. m. to 4 a. m. and eatest R 1 out 4 p. m. to 6 p. m. 
The July curve exhibite f the strongest periodicity; that of 

Ip 

2 

showed consi B erably less symmetry than those pbtained 

(Lehrbuch der Meteorologie, 3d ed., p. 343 and fo il; owing) 

The diurnal variation in 

of diurnal variation in ink& 

States along t R e Gulf of Mexlco as far west as Galveston, 

preci itation m ’in$ t e entral Plains region. (See vol. 44 of 


